Bi-based layered materials, at present, serve as the potential candidates for the application of hydrogen storage. In our study, several 3D BiOCl microstructures, such as 2500 nm peonies, 1000 nm ball-flowers, and 3000 nm rough spheres are selectively and solvothermally prepared at 180 C. These microstructures are composed of nanoplate with size of ∼1000 nm, ∼300 nm and ∼200 nm, respectively, the growth surface of which are all (001). Electrochemical hydrogen storage capacities of these microstructures are investigated in Ni/H battery model. It is found that rough spheres could store 0.52 wt% hydrogen related to a discharge capacity of 140 mAh · g −1 at a current density of 50 mA · g 
INTRODUCTION
As a pivotal member of the family of V-VI-VII maingroup metal oxyhalides, bismuth oxchloride (BiOCl) crystallizes into unique layered structures consisting of [Cl-Bi-O-Bi-Cl] sheets stacked together by the nonbonding interaction through the Cl atoms along the c-axis. With the special layered structure, BiOCl has intrigued everincreasing attention from various scientific fields due to its coexistence of unique and excellent optical, catalytic, electrical, magnetic and luminescent properties. [1] [2] [3] [4] [5] Till now, different synthetic strategies have been developed to synthesize BiOCl nano-and micro-structures. For example, BiOCl nanoparticles were obtained in reverse microemulsions solution. 6 Ultrathin BiOCl nanoplatelets were synthesized via an ionothermal synthetic route. 7 BiOCl nanobelts and nanoflakes were fabricated via a vapor-phase route. 8 BiOCl lamellae and flower-like microstructures were synthesized via a sonochemical route. 9 10 Recently, one-pot solvothermal route has been also applied to gain BiOCl spherical superstructures with size of 1000-3000 nm using ethylene glycol as the solvent, in which the spherical superstructures exhibited good activities on the degradation of organic pollutants.
11 * Authors to whom correspondence should be addressed. Now, when the traditional energy sources are not infinitely available, to seek for the sustainable and environment-friendly energy alternatives become a vital issue. Amongst, hydrogen, as a future energy carrier, is the best candidate because of beneficial the end product. Accordingly, how to store hydrogen as a fuel encounters challenges and continuous efforts. Electrochemical route is an effective way to solve the problems in high pressure hydrogen storage process. Bi-based compounds have been reported as a new type of materials for hydrogen storage. [12] [13] [14] areas of these BiOCl microstructures. Combined with the electrochemical detection, it was found that the sample with the largest surface area possessed the highest storage capacity of hydrogen for BiOCl structures with exposed {001} facet.
EXPERIMENTAL DETAILS
All chemical reagents were of analytical grade (AR), purchased from Shanghai Chemical Reagents Company and used without further purification.
Synthesis of BiOCl Microstructures
In a typical procedure, an amount of 2 mmol Bi(NO 3 3 · 5H 2 O was dissolved in 40 mL of acetylacetone (AAT) (or acetone (AT), diethylene glycol (DEG)), followed by adding 1 mmol anhydrous BiCl 3 . The obtained solution was stirred strongly for 30 minutes to ensure that all of the reagents were dispersed homogeneously. Subsequently, the solution was transferred into a Teflon-lined stainless-steel autoclave (capacity: 50 mL), which was sealed and heated at 180 C for 10 h and then cooled naturally to room temperature. The precipitates were collected and washed with water and ethanol repeatedly to remove the resident reactant. Finally, the products were dried in a vacuum at 60 C for 5 h.
Characterization
The products were characterized by X-ray diffraction 
Electrochemical Tests
The electrode was fabricated directly by pressing the synthesized BiOCl powders on a sheet of nickel foam at 50 MPa. Electrochemical hydrogen storage performance was studied with a three-electrode cell under normal atmosphere by using the Land battery system (CT2001A) at room temperature ((20 ± 3) C). Ni(OH) 2 /NiOOH, and Hg/HgO were used as the counter and reference electrodes, and 5 M KOH solution was used as electrolyte. Activated for several hours before measurement, the BiOCl microstructure electrode was charged for 5 h and discharged in the deadline voltage of −0.4 V at a constant current density of 50 mA · g −1 . The cyclic voltammetry (CV) test was carried out in the potential window of −0.2 V to −1.2 V by an electrochemical workstation (CHI 660).
RESULTS AND DISCUSSION

Characterization of Structure and Morphology
BiOCl is constructed by the combination of the chloride ion layer and the bismuth-oxygen layer as shown in Figure 1 In order to shed more light on the microstructure of these products, more detective characterizations are supplied. Figure 2 When DEG was replacd as solvent, highly monodisperse rough spheres with an average diameter of 3000 nm were obtained as shown in Figure 2 (e). Higher magnification SEM image ( Fig. 2(f) ) reveals that the rough sphere is composed of thin plates with 35 nm in thickness. The nanoplates align radically and tightly to assemble into the uniform rough spheres. Based on the above-mentioned experimental results above, it is clear that solvent plays a crucial role in the control of the morphologies of the BiOCl microstructures. TEM and HRTEM were carried out to further define the crystal structure. Figure 3 (a) reveals the peony is composed of several dozen thin plates, which are about 1000 nm in size and stacked loosely to build the peony like structures. Figures 3(c) and (e) are TEM images of single sphere synthesized in AT and DEG solvents respectively. In Figure 3 (c), the ball-flower is constructed from nanoplates of 300 nm in size. Figure 3 (e) shows that the BiOCl sphere is composed of plates aligning radically and tightly. HRTEM images of selected areas from the edges of microstructures with different morphologies are shown in Figures 3(b) , (d), and (f). All the results show two sets of lattice fringes with spacing of 2.75 Å, corresponding to interplanar spacing of the {110} planes, indicating that these three microstructures are all composed of nanoplates with growth surface of {001}.
The Formation Process of BiOCl Microstructures
As elucidated by Yang et al., solvents usually influence the growth and the morphologies of crystals, and even the formation and the structure of crystals, 15 crystallographic faces, 16 and the viscosity and coordinating ability of the solvents also play important roles in the formation of various crystals. In the experiments, we employed different solvents (AT, AAT and DEG) for controlling the formations of BiOCl crystals.
In order to understand the formation process of these BiOCl microstructures, time-dependent experiments were carried out and the resulting products collected at different stages were analyzed by SEM. The corresponding processes of these microstructures were shown in Scheme 1. In AAT solvent, when all reactants were added at room temperature, white precipitates appeared. And SEM shows that the initial samples were mainly irregular nanoplates. After solvothermal treatment at 180 C for 3 h, the nanoplates curved to decrease the Gibbs free energy and stabilize themselves. When the curved nanoplates with opposite growth direction met each other, these nanoplates were inclined to cross-link into peony like structures as the time prolonged to 10 h. The similar formation process was also proposed to illustrate the growth of SnS 2 flower-like structures. 17 In AT solvent, the sample collected at room temperature for 30 min was mainly flowers composed of assembled particles. After solvothermal aging at 180 C for 3 h, the nanoparticles began to attach directionally with each other to form nanoplates with thickness of 100 nm. As time prolonged to 10 h, the thickness of nanoplates became thinner with the fusion of grain boundary. In DEG solvent, no product was collected after heating at 180 C for 10 min. When time prolonged to 30 min, the as-obtained products had also grown up into microspheres composed of attached particles. After extension time to 3 h, the attached particles fused into plates. We can find that both ball-flowers and rough spheres have the same formation process of "attachment-fusion," which is similar with the growth process of Cu nanoseeds reported by Shen et al. 18 So the formation processes of both ball-flowers and rough spheres can be formulated as "fast nucleation-oriented attachment-fusion" process as follows: in the initial stage the BiOCl nuclei were formed, and then fast-aggregated into flowers or sphere like structures (it possibly depends on the distinct properties of solvents used in this work) to reduce the surface free energy. Subsequently, the particles attached with each other and fused into plates as the time prolonged. Finally, the ball-flowers and rough spheres composed of thin plates formed. Figure 4 shows the N 2 adsorption/desorption isotherms and the inserted Barrett-Joyner-Halenda (BJH) pore size distribution curves (inset) of BiOCl microstructures. The recorded adsorption and desorption isotherms for peonies, ball-flowers, and rough spheres exhibit a similar but noticeable hysteresis loop. BJH calculations for the pore size distribution, derived from desorption data, present a peak distribution centered at 60 nm for peonies (Fig. 4(a), inset) ; however, the distribution centered at 50 nm (Fig. 4(b) , inset) and 20 nm (Fig. 4(c) , inset) are observed for ball-flowers and rough spheres, respectively. The specific surface areas and total pore volumes for these microstructures are totally listed in 
BET and Adsorption Analysis
Electrochemical Hydrogen Storage Behavior of the As-Synthesized BiOCl Microstructures
The electrochemical hydrogen storage capacities of BiOCl microstructures have been investigated in Ni/H battery model. Figure 5 shows the cycle life performances of BiOCl microstructures with different morphologies at a constant charge and discharge current density of 50 mA · g −1 . The first discharging capacity are 120 mAh · g −1 for peonies, 119 mAh · g −1 for ball-flowers, and 149 mAh · g −1 for rough spheres. After 25 cycles, the discharging capacities of peonies and ball-flowers remain 85 and 133 mAh · g −1 , which amount to 0.32 wt% and 0.49 wt% hydrogen in single-walled carbon nanotubes (SWNTs), 19 20 and the discharging capacity of rough spheres is over 140 mAh · g −1 (0.52 wt% hydrogen). This indicated that rough spheres could store more hydrogen compared to peonies and ball-flowers even after long-term cycling. The difference in the hydrogen storage properties may attribute to the difference of special surface area and pore volume (as shown in Table I ). It can be found that the samples with the larger special surface area and pore volume possess the higher storage capacity of hydrogen. It is worth pointing out that the discharge capacity of ballflowers (sample b) increased slightly with the increasing of cycle number compared to other samples; this may be due to the different degrees of H ads coverage in the internal sites of BiOCl structures, and this similar phenomenon was also observed about ordered mesoporous carbons in the electrochemical hydrogen process by Yin et al. Due to the better performance of the rough spheres, we further investigated their electrode behaviors in the charge-discharge and circulation voltammetric processes to understand the electrochemical hydrogen adsorptiondesorption behaviors. As shown in Figure 6 During the discharge process, an obvious plateau can be found at about −0.50 V, and the first discharging capacity can reach 149 mAh · g −1 . Figure 6 (b) shows the CVs of the BiOCl rough spheres at a scanning rate of 5 mV · s −1 . It is obvious that one cathodic adsorption/reduction peak of hydrogen (H ads is observed at about −0.70 V, which essentially corresponds to the two plateaus in the charging curves considering that the relatively fast charging rate in CV measurement could lead to the merging of the two hydrogen adsorption peaks. During the following anodic polarization, one wide but obvious current peak appears at −0.47 V, which is originates from the hydrogen desorption (H des corresponding to the discharge platform voltage. Another weak peak centered at −0.35 V results from the hydrogen oxidation (H oxi ). Based on the two different electrochemical steps in the charge process and the circulation voltammetric behavior, we assumed that hydrogen is firstly reduced and adsorbed on interstitial sites between BiOCl nanoplates and then partly enters into the lattice of BiOCl structures, similar to the observations and discussions of BiOI 14 and Bi 2 S 3 .
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To understand whether the hydrogen entered into the interlayer of BiOCl nanoplates, we have also investigated the hydrogen storage capacity of BiOCl microstructures composed of nanoplates with exposed facet perpendicular to [221] its low BET surface area (12.7 m 2 /g), the hydrogen storage capacity could reach 111 mAh · g −1 after 25 cycles (corresponding to 0.41 wt% hydrogen) as shown in Figure S3 . The possible reasons are illustrated in Scheme 2. On the one hand, when the facet perpendicular to [221] axis is exposed outside, the nanoplate supplies more entrance for hydrogen so that more hydrogen enters into the interlayer between {001} facets of nanoplates; on the other hand, the nanoplate with exposed facet perpendicular to [221] axis possesses more interstitial spaces between {001} facets which could store more hydrogen. Therefore, the result further indicates that hydrogen enters into the interlayer between {001} facets of BiOCl structure.
CONCLUSIONS
In summary, various BiOCl microstructures including peonies, ball-flowers, and rough spheres were solvothermally fabricated. The possible formation processes were also proposed based on the experimental results. Electrochemical hydrogen storage tests were also investigated and it was found that, for the BiOCl microstructures composed of nanoplates with the growth surface of (001), the one that possessed the largest BET special surface areas exhibited the highest hydrogen storage capacity. In addition, we have measured another BiOCl microstructure composed of nanoplates with the growth surface perpendicular to [221] axis and the result further indicates that hydrogen enters into the interlayer between {001} facets of BiOCl structure.
Supporting Information Available: XRD patterns of the products collected at the initial stage in different solvents: AAT, AT, and DEG; SEM and TEM images of microflowers composed of nanoplates with exposed facet perpendicular to [221] axis; N2 adsorption/desorption isotherms and cycle life of the microflowers.
